Platelet-derived growth factor (PDGF) promotes proliferation and migration of mesenchymal cells via its receptor, the receptor tyrosine kinase (RTK) PDGFR. Sphingosine kinase type 1 (SPHK1) produces sphingosine-1-phosphate (SPP), which is released to the extracellular compartment where it binds to the G-protein-coupled receptor (GPCR) EDG-1. Mice in which the genes encoding PDGF, PDGFR or EDG-1 have been knocked out exhibit a similar phenotype of incomplete vascular maturation, resulting from a failure of vascular smooth muscle cells and pericytes to migrate to vessel walls; these cells respond to PDGF. The authors investigated whether the PDGF/PDGFR and SPP/EDG-1 pathways were linked, by studying the effect of EDG-1 on cell motility towards PDGF.
Significant findings
Migration of cultured cells towards SPP or PDGF was dependent on EDG-1 expression, as edg-1 deletion reduced chemotaxis without affecting activation of PDGFR by binding of PDGF. Furthermore, deletion of edg-1 increased PDGF-induced stimulation of SPHK1 activity in fibroblasts. Conversely, competitive inhibition of SPHK1 reduced both formation of SPP and PDGF-induced fibroblast chemotaxis, effects that were not rescued by overexpression of EDG-1. Phosphorylation of PDGFR (via its RTK activity) in these cells was unaffected, as was chemotaxis towards already synthesized SPP. Suppression of PDGF-induced chemotaxis via Gi-protein inhibition (to interfere with EDG-1 signaling) was unaffected by EDG-1 overexpression. Binding of PDGF to PDGFR increased EDG-1 phosphorylation. The ?-arrestins decouple G proteins from phosphorylated GPCRs; SPP binding to EDG-1 resulted in translocation of ?-arrestin from the cytosol to the plasma membrane. Redistribution of ?-arrestin was dependent on EDG-1 expression. The G protein Rac regulates cytoskeletal organization and cell motility. PDGF activation of Rac was decreased by edg-1 deletion or inhibition of SPHK1, suggesting that Rac integrates signals mediated in turn by PDGFR and EDG-1. The authors concluded that, in a new example of exchange of information between an RTK and a GPCR, PDGF binding results in PDGFR activation, enabling it to activate SPHK1 to produce SPP. SPP is then released to the extracellular compartment, where it binds to and activates the GPCR EDG-1, which in turn activates the G protein Rac, promoting cell motility in an autocrine and/or paracrine loop.
Comments
PDGF induces smooth muscle cell migration to vessel walls during states of pulmonary hypertension. As a critical mediator of PDGF signaling, EDG-1 is a potential novel therapeutic target for improving this condition.
Methods
Cell culture, transient transfection, cell migration assay (Boyden chamber), morphogenesis assay on Matrigel, phosphothioate oligonucleotide treatment, whole cell phosphorylation and immunoprecipitation, laser scanning confocal microscopy Additional information
